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Appendix A
Compilation of Existing Fish Food Web

Data

The accompanying tables (Tables 1 through 11) contain synopsized data
from archived, unpublished, or “gray” literature sources. Data are included
from the main basins of Puget Sound (from the south tip of Whidbey Island
south) and Hood Canal. Three large studies that supplied much of the data
bear mentioning. First, Kurt Fresh (Washington Department of Fish and
Wildlife) and others conducted extensive sampling in north and south Puget
Sound in 1978 and 1979 using a variety of gear types—this data is denoted as
“Fresh unpublished” in the tables. A brief summary of this data was
presented in Fresh et al. 1981. Second, a number of fish species were trapped
in and around piers and docks in Commencement Bay from 1984-86. Some
of this data appeared in a University of Washington Master’s thesis and an
unpublished document (Ratte and Salo1985), but it remains largely
unpublished. This is denoted as “Cordell and Simenstad unpublished. Third,
Stephen Bollens (San Francisco State University) and J. Cordell analyzed a
large number of salmon, herring, hake, and other species from Dabob Bay,
Hood Canal from 1985-87. Salmon diet data from this study has been
analyzed for a paper to be submitted to the Canadian Journal of Fisheries and
Aquatic Sciences and is referenced as such in the tables, but information for
other fish species has not been formally worked up. This data set is referred
to as “Bollens and Cordell unpublished”.

For each group of fish entered, in the accompanying tables, all prey
categories that comprised over 5% of prey biomass are listed in order of
abundance. Brief notes on food web connotations for each prey category are
also included, as is the source of the data. The findings for each species are
summarized as follows:

Chinook Salmon (Oncorhyncus tschawytcha)

There are datasets for chinook salmon (mainly juveniles) that spanned a
period from 1978 through 1999. The data indicates two broad categories of
chinook feeding: (1) nearshore feeding fish that consumed mainly gammarid
amphipods and other epibenthic crustaceans, and terrestrial (neustonic)
insects; and (2) pelagic feeding fish that fed as small juveniles on planktonic
crustaceans (primarily euphausiids) and as larger juveniles and adults on
herring and other fish. Thus, the important habitats and food web
connections for chinook salmon in Puget Sound are:
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1. Intertidal and shallow subtidal areas that produce amphipods and other
epibenthic crustaceans. As has been established for juvenile chum
salmon, these probably include intertidal flats as well as vegetation and
areas of high detritus buildup.

2. Nearshore vegetated terrestrial habitats that are the source of terrestrial
insects in the diets.

3. Feeding on planktonic grazers such as euphausiids, shrimp and crab
larvae, planktonic amphipods, and copepods.

4. Feeding on other secondary pelagic consumers such as herring and other
fish.

Coho Salmon (Oncorhyncus nerka)

There was much less diet data for Coho than for Chinook salmon. It appears
that food web linkages for Puget Sound Coho salmon are similar to those for
Chinook, with larger fish feeding on herring and other “baitfish” and smaller
fish feeding on planktonic crustaceans. Coho differ from Chinook in being
less dependent on benthic/epibenthic habitats, evidenced by fewer cases of
diet dominated by taxa such as gammarid amphipods. Although the
resolution of the data presented here does not show it, even when amphipods
occurred as important prey for Coho, they were often pelagic types,
particularly such taxa as the gammarid Cyphocaris challengeri and the
hyperiid Parathemisto pacifica.

Chum Salmon (Oncorhyncus keta)

Similarly to Chinook, Chum salmon depended on two major habitats for
feeding. In the spring when they were small, they fed primarily on the
epibenthic harpacticoid copepods Harpacticus and Tisbe. Food web linkages
at this stage have been presumed to be detritus based, but may also include
some epibenthic primary production (e.g., diatoms). At this time they also
fed on epibenthic aquatic insect larvae such as chironomids. In late spring to
early summer, Chum salmon switched to feeding on planktonic primary
consumers such as larvaceans and planktonic copepods. In the summer, they
fed on larger zooplankton such as euphausiids, hyperiid amphipods, and fish
larvae. :

Pacific Herring (Clupea harengus)

The herring sampled from Puget Sound and Hood Canal fed almost
exclusively on plankton. This consisted mainly of planktonic copepods in
smaller juvenile fish and euphausiids and amphipods in larger juveniles and
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adults. It is interesting to note that in the diet from herring sampled from
Padilla Bay (this small data set is included as a reference), which has
extensive eelgrass beds, the diet had a significant amount of epibenthic
harpacticoid copepods. Therefore, this habitat should not be ruled out as '
providing food web linkages for this species.

Surf Smelt (Hypomesus pretiosus)

There were only a few data sets for surf smelt. One fairly large group of 32
individuals from the Kurt Fresh data fed mainly on zooplankton. As for
herring, a group of surf smelt captured at Padilla Bay fed on harpacticoid
copepods and other epibenthic taxa.

Pacific Sand Lance (Ammodytes hexapterus)

The only data set with appreciable numbers of sand lance was that from
Hood Canal (Bollens and Cordell data). In these fish, planktonic copepods
were the dominant prey. Like surf smelt, sand lance from Padilla Bay fed on

harpacticoid copepods.

Pacific Hake (Merlu#cius productus)

Virtually all of the data for Pacific Hake in the table came from the Dabob
Bay data set of Bollens and Cordell. In this deep fjord, hake appear to be
euphausiid specialists, with minor contributions by other zooplankton
species.

Other Species

Very little data was found for other listed/candidate fish species. There is
some extant data on feeding by juvenile rockfish analyzed by Ray Buckley
(Washington Department of Fish and Wildlife). This data is in raw
numerical form and must be further analyzed by the University of
Washington’s GUTBUGS diet analysis program in order to make sense of it.
This should be done before a final draft of the food web document is
completed.

Summary

Perhaps the most striking result of this review of diet data for ESA listed and
candidate fish species in Puget sound is the preponderance of zooplankton
species used by the fish. This points directly to a large gap in our
understanding of the biology of these fish. Salmon ecology and the effects of
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habitat degradation on juvenile salmon in estuaries and nearshore marine
habitats in Puget Sound and other waters in the Pacific Northwest are
relatively well studied (Simenstad et al. 1991, Aitken 1998, Simenstad and
Cordell in press). In contrast, the ecology of juvenile salmon and other listed
and candidate fish in water column habitats of Puget Sound is poorly known.
Elsewhere in the region the role of the nearshore pelagic environment, and
particularly the importance of zooplankton feeding, has been established for
juvenile salmon. For example, juvenile pink and chum salmon off northern
Vancouver Island had more material in their stomachs, were in better
condition, and had higher potential growth rates than pink and chum salmon
off southern Vancouver Island; these variations were consistent with spatial
differences in zooplankton biomass, there being more plankton in the
northern region (Perry et al. 1996). Brodeur et al. (1992) suggested that
juvenile coho and chinook salmon off of Oregon and Washington
experienced planktonic food limitation during years of unusually low
productivity (e.g., El Nifio). The few relevant studies (e.g., Fresh et al. 1981,
Bollens et al. submitted) and the data summarized here indicate that the
pelagic habitat is important for Puget Sound salmon and several of their
important forage fish. Especially notable is the importance of euhpausiids in
the diet of a variety of fish species, in both Puget Sound and Hood Canal.
The dominant euphausiid, Euphausia pacifica, requires deep basins for
reproduction, and apparently breeding populations of this species occur only
in Carr Inlet, Port Susan, and Dabob Bay, within the area examined (Cooney
1971, Ross et al. 1982). Thus, euphausiid populations may be a limiting
factor for many of their predators in Puget Sound, and this subject bears
investigation. Unfortunately, virtually nothing is known about how Puget

* Sound zooplankton species vary in time and space and how this relates to the

fish that feed on them.

References

Aitken, JX. 1998. The importance of estuarine habitats to anadromous salmonids of the Pacific
Northwest: a literature review. U.S. Fish and Wildlife Service, Lacey, Washington, 25 pp.

Bollens, S.M., J.R. Cordell, M. Butler, and B.W. Frost. In preparation. Diet, feeding selectivity, and
potential resource competition of juvenile Pacific Salmon (Onchorhynchus spp.) in a temperate
marine fjord. To be submitted to Can. J. Fish. Aquat. Sci.

Brodeur, R.D., R.C. Francis, and W.G. Pearcy. 1992. Food consumption of juvenile coho (Oncorhynchus
kisutch) and chinook salmon (O. tshawytscha) on the continental shelf of Washington and Oregon.
Can. J. Fish. Aquat. Sci. 49:1670-1685.

Cooney, T.C. 1971. Zooplankton and micronekton associated with a diffuse sound scattering layer in
Puget Sound, Washington. Ph.D. Thesis, University of Washington.

Fresh, K.L, R.D. Cardwell, and R.R. Koons. 1981. Food habits of Pacific salmon, baitfish, and their
potential competitors and predators in the marine waters of Washington, August 1978 to September
1979. State of Wash. Dept. Fish. Progr. Rep. No. 145. '

Perry, R1., B. Hargreaves, B.J. Waddell, and D.L. Mackas. 1996. Spatial variations in feeding and
condition of juvenile pink and chum salmon off Vancouver Island, British Columbia. Fish.
Oceanogr. 5(2):73-88.

Final; 01/25/01

A4



King County Marine Habitat Report — Appendix A

Ratte, L.D. and E.O. Salo. 1985. Under-pier ecology of juvenile Pacific salmon (Oncorhynchus spp.) in
Commencement Bay, Washington. Unpublished report by Fisheries Research Institute. University of
Washington report to Port of Tacoma. 87-+pp.

Ross, RM.,, K Daly, and T.S. English. 1982. Reproductive cycle and fecundity of Euphausia pacifica in
Puget Sound, Washington. Limnol. Oceanogr. 27: 304-314.

Simenstad, C.A. and J.R. Cordell. In Press. Ecological assessment criteria for restoring anadromous
salmonid habitat in Pacific Northwest estuaries. Ecol. Eng.

Final; 01/25/01 A5



9V

Suiusy

3joojjod ahafiem
Aqpureq poD

ysi paynusplup

SUBOB)SIID) dIUORUL[]

aeAIR] qeI)
4std pagnusprun
SUBIOBISTIY) DIUOPUR]]

uonesyRUaP! JO [9A3] WOy {[33 ,ue)
(uojsnau) [esana],
UOHEBOYIUAP! JO [A3] WO [[33 J,ue)

(a8es a18ejad aAey Aews ynq) suuop S1yusg

ystd paynuapiuf)
Apwed po)
Suwioy

JeAlR] QI
suease)snI) srpuaqidy
sueadeisnI) sryiuaqidy

(aseyd a18ejad aaey Aew nq) suiop syuag
S)03SU] [eLISALA]

pmbg
$109SU] [eLSaId],
QeAre] qer)

Suluoy
Y4std paynhuapiun)

yoIa4 Joulys
oj[od 2hsem
Ystd paynuspiun

S103SU] [ELIISOLIS],
(aseyd ar3ejad aaey Aew jnq) suuop dwysuag

Suliey
4sid paynuaprun)

elep paystiqndun ‘ysaig

32IN0S SjuIWo)) qapy pooy

sn3uarey eadn))
eunueifoojeyd eideay]
sepipen

191809[3 L SiuLAnf O

eaoersneydng aJiusANng ¢

emAoeig-epodessaq
1915090 L
eaoeisneydnyg S[IudANf 9

epodidury
€j09sU]
eopUBWIWED SusAnf ¢

e10RYdA|0d auaAnf ¢

191093 L,
aepipen
sn8uazey eadnj) a[iuaAnf |

einAyoelg epodessq
eopLIBWIWIED)
BpodensQ
ejoeyoL[od

eJo9su] QQIudAN[ €1

epipipna L
ejoasu]
einkyoelg epodessq sqiuaAnf 7|

sn3uasey eadnj)
1315093 L StudAnf p|

ejeda1838e 1oseSoewf)
ewwesfooyeyo eideray ]
19350313 L SiusAnf 7|

LR

[SELL TN R ¢ S[IuaAnf g

191509[0 L
sn3uarey vadn[D npy ¢ ‘opueAng | |

sx8] Ad.j jedpoupig

10/S2/10 1out

8L-190 w10d 9J47- 's] uosIopuy

gL-dog AKeg 1aydofjom
8,-dog Keg 19yd0jjom
8L-dog puejs] xog
PUMO L gL-dog 19]U] UOSIOPUSH

8L-dog o 9]AT- 's] uosiapuy
8L-3nv 60021

8L-Sny Aeg 1oyoofom
8.-8ny 1utod uosuyof

8L-3ny 1u10g 3]AT- '] UosIepuy

8L-Inf AKeg 1oyoojjom

asueyo( Id “1d X0

‘ssed djeH “1d uosuyof

: “'s| uosiapuy ‘14 uosqin

s..aﬁ wE..Eomsams._s__oa.s_sﬁu

ade)S HY ‘4 I8a0) Jeiqel eq uoRBI0Y

(oyosdmosy smoudioyou() uourjes yooury) °J a[qe]

Vv xipuaddy - poday jejqeH auepy Ajunog Bury



VA4

SuB30RISIIY) dIUOPUe[d eaoeisneydng npy g9 ‘aftuaAng 6]
Sumey snSuaey eadnj) S[IudANf £,
(aseyd o13ejod aaey Aews nq) suLop d1puag ejeeyafjod
Y4std paynuapiun 1915093 L
spodiydwy owopueld eopiuadAy aJruaAnf G|
Suuey sn3uasey eadnj)
st paynuspiun 1915093 APV 01
Usid paynuapiuf) 199503[3
UOLEDINUAPT JO [9A3] WO [[9) LuB) ea0epISAN
UOHEOYRUSP! JO [9AS] WO [3) 3,ue) eapuewnuen NpY 1
4stq paynuapiuf) 1015093 I,
Suluoy snuasey vadny) SJIUdANS G
4stq paynuapiun) 1915093
SUB30BISTY) SIUODjUR]] eaoeisneydnyg
Sumoy sn3uazey eadnj) S[IudANf O
Suusy sn3uarey eadn])
SUB30BISTUD) OTuOPjUe[d eaoeisneydnyg auaANf /]
SUB30BISTUD) OTUOPjuRl] easeisneydnyg squaAnf G|
Usiq paynuapiuf) 1915093,
SUB3DBISTY) OTUOP[UR]] eaoeisneydnyg SqiusANf §
Suluey sn3uarey eadnj) JpuaAnf £
Suuioy snSuazey eadn))
SUB30EISTU)) STUOP UL eaoeisneydnyg aquaAn( ||
pmbg ds o8j0]
Suwusy snSuarey eadn[D )npy | ‘o[udAng Of
Suusy 1915033,
st payhuapiun snuarey eadn|) sfiuaAnf 91
Suluoy sn8uarey eadnj)
HUIpIY,
321n0§ SHUIWOD) qIAL POOY vxe] Adig Jedpupiy

autag asIng

aujag asing

aulag asing

aurag asing

6L-934

6L-9°4 .

6L-92d

6L-9°d

6L-934

6L-934

6L-9°4

6L-9°4

6L-9°4

6L-Q3:14

6L-9°4

6L-q3d

6L-uef

8L-93d

10/ST/10 10wt

jutod ojos
‘ssed a[eH ‘UOSIpeIA Lod

Ppue|s] elg "M

PUBS] E[H "M

UOSIPEI HOd

uosIpejA Hog

ssed o[eH

ssed o[eH

sseqd o[eH

ssed s[eH

ssed ofeH

ssed 3[eHq

ssed ojeH

's] keq@

“1d uosuyor ‘Aeg 104200

“1d X04 “14 UosqiD

'1d uosuyof “'s| uosispuy ‘Aeg
19Y0[[oM “yoeay AfrenbsiN

1d uosqio “'s| xo4

‘1d 9]AT- 'S UOSIPUY ‘1 USAID

‘ssed a[eH ‘Aeg 19yd0[joM

-AON | xou ..K =omuﬁ
Neq aopedIoy

(py214mps) snoufioyou) uowjes yoouyy) °y Aqu],

V xjpuaddy - Jodey jejiqeH aulie Ajunod Buiy



8V

10/ST/10 1outd

(S900] M0Jaq WOY) BISIOPE]D J3IBMYSAI] eluydeq
Sumisy sn3uazey eadnj)
paystiqndun [3p10) spodiydury owuaq/onpuaqidy eapueUILIED S[uaAnf ¢y  QuPS Yoeag 6661 Sny-ounf Aeg ajousiiys
SOSM[JO dluopueld epodolald
spodiydwy swopueld eapiuadAy
$1095U] [EHISOLDL, ejo0su[ 9IUdANS 6] UONEIS AI0YSU] L8-$861 1390100 (1eue) pooH) Aeg qoqeq
seAze] dwuygs pue qex) epodesaq
S1095UJ [BLISALIA, €03su] JJIuUdANf ] uonelS Aloysu] Lg-¢861 IsnBny (feueD pooy) Aeg qoqeq
Ystq paynuapiun) 1015099 L
seare] dwuyg pue qes) epodessqq S[luaAN[ g UonElS aloysu] 8-5861 Anf-aung (jeueD pooyy) Aeg qoqeq
SJ09sU] [eLISOLI], [2REN
UONEOYRUSPY JO [9A3] WOy [[33 Jue) eapueuIen
SUR30RISTU)) SfUopue[d easeisneydng S[IUdAN[ GE I0NEIS AIOYSPO L8-S861 1990100 (feuep pooy) Aeg qoqeq
S109SU] [eLISALIa] ejoasu]
spodidwy owopjueld eapiuadAy
SueaoBISI) oluopue|d eoseIsneydnyg SJIUAAN( 8] 10NEIS AIOYSHO  L8-S86 IsnBny (feueD pooH) Aeg qoqeq
spodiydwy owopjueld eapiuadAH
spodado)) stuopjuelq eploueje)
ystd paynuspiun 19180919,
panIwqns ‘[e 12 susjjog SUBSOBISTLI) DIUOIUR|] easeisneydnyg S[IusANf Z| 101eIS AI0YSPO 8-S861 AInf-aung (reue) pooH) Aeg qoqeq
duwiys snpuag ‘ds uo3uer)
spodiydure puewwes onpuaqidyg ‘ds snidonjje)
spodiydure puewwes snpuaqidg njosiAejuod snuewweSogq
paysiqndun {[api0)) pue peisusung spodiydure puewwes osnpusqidg -ds sruao014yos] JJuaAnf § ssei8jog $8-Inf peSH ysiuemng
Ystd peynuspiun 1015092,
SJ09SU] [eLISALL e10asu] SQiusAN( 78 6861 unp-1dy Aeg JUSWIdUSWWIO)
spodado) srpuaqidg eploonoediey
S109SUJ [eLSALI, [BEN | SIUAANS 6 $861 aunf-judy Aegq JuswdUIWIWO)
JeAle] qel) 190ue) sepuoue)
seare] duyg aepuoSuer)
spodado o1yyuaqidy eploonoediey
Suwuoy seprodni)
sueadeisnI) sropjue[q eooeisneydng
paysiqndun pejsuawiis pue [[3pio) ysi paynuapiun 191093 aniuaAnf 76| €861 dung-1dy Keg JuswaduaUILIO)
Apueg pop aepipen Id uosuyof “jd U3l
Ystq paynuaptuny 191092 L “'S] U0SIapUY ‘9A0D) UI[D
Juruo sepladn ‘3 UOSqIE) ‘doue!

anog

SHUIWIO0)) qIA| Pooy  exe] Aaig jedputig 338)S J 1830 Yuijqeq Aeq U0REd0 Y

(oyodmns) snoulioyouQ) uOWI[BS Yoouyy) °1 AqeEL

v xipuaddy - podey jejiqeH aupepw Aunod Bury



